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Abstract 
Catalytic reforming of bio-oil is one of the promising routes for the production of producer gas from renewable 
resources for power generation. This study evaluates the energy balance analysis for the production of producer gas 
and utilization of gas for power generation. A centralized unit of 10 MW power generation based on fuel gas 
produced from bio-oil reforming has been proposed at Sungai Rasau industrial area of Selangor state in Malays ia. 
The energy balance analysis of this study comprises of four stages which are oil palm plantation, palm oil mill 
extraction, production of bio-oil and reforming of bio-oil and utilization of fuel gas for power generation. The net 
energy balance for this analysis was found to be 3.81 MJ kgfg-1 while net energy ratio was found to be 1.10. 
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1. Introduction 
Over dependence on fossil fuel has resulted in an increase in the CO2 concentration from 280 ppm in 
the 1750s to 389 ppm in 2010 [1]. Thermochemical conversion of biomass can be adopted to utilize the 
renewable b iomass as an energy resource [2, 3]. Reforming of b io-oil, which is produced from biomass 
fast pyrolysis, is  one of them to produce fuel gas (producer gas). Many studies revealed that the fuel gas 
production from bio-o il is much more advantageous than the gasification of biomass because of the 
complexity o f the biomass transportation. Bio-o il can be produced at the remote area where the biomass is 
available. Since the density of bio-oil is much higher than biomass, it can be cost effectively transported 
to the centralized  reforming  plant where fuel gas from b io-oil would  be utilized for power generation [4]. 
Bio-oil can be reformed to produce clean fuel gas in a catalytic reformer where steam is acted as a 
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reforming agent. The product gas can then be efficiently  combusted in a gas turbine to produce electricity 
[5, 6]. 
In this paper, we have presented the life cycle energy balance analysis of fuel gas production by 
reforming of bio-oil and utilization of fuel gas for 10 MW power generations.  
2.   Methods and data sources 
2.1. Life cycle assessment 
This study used a life cycle assessment (LCA) approach in order to evaluate the energy balance for the 
production of 10 MW power from bio-o il based producer gas. The stages being analyzed in  this study 
were oil palm p lantation, palm oil mill ext raction, production of bio -oil and reforming and utilization of 
producer gas in order to establish a 10 MW power generation plant.  
2.2. System boundary and functional unit 
The system boundary is shown in Fig. 1. All the input and output data were based on the functional 
unit used. Some of the elements that are not declared in the system boundary are assumed to be negligib le 
due to limited and insufficient data available. 
 
              
 
 
 
 
 
 
 
 
 
 
Fig. 1. System boundary for life cycle energy balance analysis.  
2.3. Life cycle inventory 
As described by the system boundary, overall input and output data can be collected from each of the 
stages involved in oil palm bio-o il based power generation plant. The summary is shown in Table 1.The 
energy input in this stage was  calculated using the Eq. 1, where E represents energy. 
 FFBtransyelectricitfertilizerplantation EEEE  ¦       (1) 
In order to produce 10 MW electricity, 6 mills of the closest distance from the central power plant 
have been selected. The major energy input in the milling stage is calculated from Eq. 2. 
steamyelectricitmill EEE  ¦                                                                                                         (2) 
Crude Palm 
Oil  
Start –up Power 
Catalyst Preparation 
and Transportation 
Palm Kernel, 
Shell  
Palm Oil Mill
Steam & 
Electricity  
Seedlings 
Biomass 
Produced Fibre and 20% 
PKS 
Oil Palm 
Plantation 
Fertilizers and 
FFB 
Transportation 
(Traction) 
FFB  Electricity  
Electricity 
Start –up 
Heat 
EFB Pyrolysis 
Unit 
Heat from 
Flue gas 
Power Plant 
Bio-oil 
10 MW 
Power  
Reforming 
Unit 
Fuel gas 
 
2816   Mohammad Asadullah et al. /  Energy Procedia  61 ( 2014 )  2814 – 2817 
 
 
 
 
 
 
 
 
The key parameters for fast pyrolysis of EFB to produce bio-oil need to be considered are operational 
temperature (450 – 500 °C) [7], part icle size [8], moisture content (10 – 20 wt%), heat transfer rate (50 
Wcm-2) and short vapour residence time (≈2s). The energy input for bio-oil was calculated as Eq.3. Bio-
oil is reformed at the central power plant and the energy input is calculated as Eq. 4. 
 
pyrolysisdryingoilbio EEE  ¦                              (3) 
 
greforcatalystsyngas EEE min ¦                             (4) 
 
The existing natural gas turbine with 40% efficiency is considered to be used for electricity 
generation. The 10 MW power was considered to be energy outcome from the power plant. 
3. Results and discussions 
3.1. Energy balance analysis 
The basis of the calculation was considered to be the amount of fuel gas needed to generate 10 MW 
power and it  was around 1.20 u 105 t y-1. The energy ratio  between the energy outputs in per kilogram 
fuel gas (kgfg-1) to the energy consumption (input, kgfg-1) in the system was calcu lated to determine the 
viability of the power generation. The Eqs. 5 & 6 were used for overall energy balance.  
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In plantation stage, input factors considered in the boundaries were seedlings, fert ilizers consumed, 
FFB transportation (traction) from plantation to the mills, labour cost and overhead electricity. The output 
from this stage was the rate of FFB. The total energy consumption for p lantation stage can be determined 
to be 5.49 MJ kgfg-1. 
In palm o il mill stage, input factors considered in the boundaries were rate of FFB processed, 
biomass transportation from mill to pyrolysis unit at the same premises, labour cost, steam and electricity 
used. The total energy consumption for milling stage can be determined to be 25.64 MJ kgfg-1. The 
outputs from this stage were crude palm oil and palm oil wastes such as empty fruit bunches (EFB), palm 
kernel, fibre and shell. The output energy from the mill is calculated to be 40.82 MJ kgfg-1. In the 
centralized unit, input factors to be considered in the boundaries are the rate of bio -oil input, start-up 
Table 1. Input and output data for various stages of oil palm biomass based power generation plant 
Stages Input Data O utput Data 
Oil palm plantation Seedlings, fertilizers, pesticides, 
transportation 
Fresh fruit  bunches (FFB) 
Palm oil mill extraction Fresh fruit  bunches (FFB) Crude palm oil (CPO) 
Empty fruit bunches (EFB), Palm kernel, 
Fiber and shell 
Production of bio-oil Empty fruit bunches (EFB) Bio-oil 
Reforming of bio-oil Bio-oil Fuel gas 
Power generation Fuel gas 10 MW power 
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power for plant, catalyst preparation, transportation and electricity used while the output fro m this stage is 
10 MW power. The total energy input for entire process of bio-oil reforming was calcu lated to be 1.75 
MJ kg fg-1.  Based on the calculation the total energy output as electricity from power p lant is around 2.50 
MJ kgfg-1 
For the power plant stage, input factor to be considered in the boundaries was an hourly rate of fuel 
gas supply while output of the stage was 10 MW electric power. Efficiency for conversion of fuel gas to 
electricity was assumed to be as similar as the efficiency of conversion of natural gas to electricity which 
is 42%. After all of the backward calcu lations, it was found that to produce 10 MW of electricity, 6.7 u 
103 kgfg h-1 is required.  
 
3.2. Overall system boundary energy balance 
As referred to the system boundary in Fig. 1, from the energy input and output the net energy balance 
(NEB) and the net energy ration (NER) can be calculated to be 3.81 MJ kg fg-1 and 1.10, which  are higher 
than unity, suggest that the power generation from o il palm biomass is technically and eco nomically 
viable.  
 
4. Conclusions 
In conclusion, in  terms of net energy balance, the power generation from oil palm bio-o il is viable. 
Net energy balance (NEB) was positive since the output energy was more than the input energy required . 
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